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FOREWORD 

The Moon i s  a s a t e l l i t e  o f  t h e  Earth, revolving about 
t h e  Ear th  i n  an e l l i p t i c a l  o r b i t  from west t o  east every 27 days, 
7 hours and 43 minutes.  Grav i t a t iona l  s t a b i l i z a t i o n  causes t h e  
Moon t o  r o t a t e  about i t s  a x i s  wi th  t h e  same per iod that  i t  r e -  
v o l v e s  about t h e  Ear th .  Thus t h e  Moon always p re sen t s  i t s  same 
s i d e  toward t h e  Ear th .  The Moon's d i s t a n c e  from Ear th  v a r i e s  
from 221,463 mi les  at  per igee  t o  252,710 miles  a t  apogee. 
mean d i s t a n c e  i s  238,857 miles.  

The 

The Moon i s  2,160 miles i n  diameter. Its mass i s  about 
one -e igh t i e th  tha t  of t he  Earth and i t s  volume one- for tynin th .  
The a r e a  of t h e  Moon i s  about one-fourth t h e  su r face  o f  t h e  Earth, 
and i t s  circumference i s  about 6,800 mi les .  The Moon has no 
atmosphere '[< mm H g ) .  The temperature o f  i t s  su r face  v a r i e s  
from about -170°C t o  +115"C for a reas  which r ece ive  sunl ight  at 
some time during t h e  course of  a luna r  day-night cyc le .  

The su r face  o f  the  Moon i s  topographica l ly  as variable 
as that of t h e  Ear th .  We can observe va l l eys ,  bas ins ,  f a u l t s ,  
s ca rps ,  ridges, h i l l s ,  mountain ranges,  e t c .  Some of i t s  peaks 
r each  20,000 f e e t  i n  he ight .  Superimposed on t h e s e  f e a t u r e s  a r e  
a mul t i tude  of c i r c u l a r  and semic i rcu lar  c r a t e r s  o f  varying 
dimensions ( c 3 O , O O O  on t h e  earthward s i d e ) ,  probably caused over 
long per iods  of t ime by t h e  impacts o f  meteors.  

Ear ly  day astronomers thought t h a t  c e r t a i n  dark  a reas  
of t he  Moon were covered w i t h  water and named them seas  and 
oceans.  Actually,  t h e  Moon i s  as d e v o i d  of su r f ace  water a s  
i t  i s  of an atmosphere. Most astronomers b e l i e v e  t h a t  it i s  
covered by a t h i n  l a y e r  of d u s t .  

From t h e  s c i e n t i f i c  s tandpoin t ,  exp lo ra t ion  of t h e  
Moon i s  of g r e a t  importance. Having n e i t h e r  wind nor sur face  
water, t h e  Moon's su r f ace  may have preserved most of t h e  record 
of i t s  development. Thus, t h e  Moon o f f e r s  an  oppor tuni ty  t o  
s tudy  i n  some d e t a i l  t h e  evolu t ion  of  a p l ane ta ry  body s ince  
i t s  b i r t h .  Such s tudy may he lp  answer some o f  t h e  key ques t ions  
of sc ience  - how was t h e  s o l a r  system crea ted ;  how d i d  it  develop; 
how d i d  l i f e  o r i g i n a t e ?  
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1. INTRODUCTION 

The s p e c i f i c  ob jec t ive  o f  P ro jec t  Apollo i s  t o  land 

two a s t r o n a u t s  and s c i e n t i f i c  equipment on the su r face  o f  the  

Moon f o r  the  purpose of manned exp lo ra t ion  of  the  l u n a r  su r face .  

T h i s  r epor t ,  which has been compiled from cur ren t  l i t e r a t u r e ,  

provides  a condensed d e s c r i p t i o n  of the major i tems i n  t he  

Apollo program. 

space veh ic l e  and i t s  mission, along w i t h  a d e s c r i p t i o n  o f  t h e  

support ing ground f a c i l i t i e s .  The development program leading  

t o  the manned l u n a r  landing mission and the  r e l a t i o n s h i p  of 

Apollo t o  o t h e r  space programs are a l s o  b r i e f l y  d iscussed .  

Topics include a d e s c r i p t i o n  of  the  Apollo 

D R A F T  - - - - _  
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2 .  MISSION PROFILE 

The manned lunar  landing mission w i l l  u t i l i z e  t h e  
Lunar Orb i t  Rendezvous mode employing t h e  Apollo spacecraf t  
and t h e  Sa turn  V launch vehic le  as shown i n  Figure 2-1. The 
th ree - s t age  launch vehic le  cons is t ing  o f  t h e  S-IC, S-11, and 
S-IVB s t a g e s  and an Instrument Unit w i l l  be used t o  p l ace  t h e  
spacec ra f t  i n t o  an Ear th  parking o r b i t .  A second burn of t h e  
S-IVB w i l l  i n j e c t  t h e  spacecraf t  i n t o  a t r a n s l u n a r  t r a j e c t o r y .  

The Apollo spacecraf t ,  which w i l l  accommodate t h e  
three-man crew f o r  t h e  mission, c o n s i s t s  of a Command Module 
( C M ) ,  a Service Module (SM), a Lunar Excursion Module (LEM), 
an Adapter and a Launch Escape System (LES). The CM w i l l  
se rve  as t h e  i n - f l i g h t  command cen te r  throughout t h e  mission 
and as t h e  r e e n t r y  vehic le  during t h e  te rmina l  phase.  The SM 
w i l l  provide a l l  spacecraf t  propulsion and r e a c t i o n  con t ro l  
needs from sepa ra t ion  of t h e  S-IVB u n t i l  SM sepa ra t ion  p r i o r  
t o  r e e n t r y  i n t o  the  E a r t h ' s  atmosphere except f o r  LEM separa t ion ,  
landing  and r e t u r n  t o  l una r  o r b i t .  The LEM, which c o n s i s t s  o f  
a descent  s t age  and an  ascent s t age ,  w i l l  provide a means f o r  
t r a n s f e r r i n g  two crew members f rom t h e  luna r  o r b i t i n g  Command 
and Serv ice  Modules (CSM) t o  t h e  lunar  su r face  and f o r  e f f e c t i n g  
a rendezvous w i t h  the CSM upon completion of t h e  l u n a r  explora- 
t i o n .  The Adapter i s  t h e  s t r u c t u r a l  element containing t h e  
LEM and connecting t h e  spacecraf t  t o  t h e  launch veh ic l e  f rom 
launch through i n j e c t i o n  i n t o  t h e  t r a n s l u n a r  t r a j e c t o r y .  The 
Launch Escape System (LES), while a f f ixed  t o  t h e  CM, w i l l  p ro-  
v i d e  a means f o r  emergency separa t ion  o f  t h e  CM f r o m  t h e  space 
veh ic l e  during t h e  i n i t i a l  phases o f  E a r t h  launch. 

The Apollo Saturn V w i l l  be launched f rom Complex 39 
a.t t h e  Mer r i t t  I s l a n d  Launch Area (MILA) which i s  adjacent  t o  
Cape Kennedy. Launch azimuth w i l l  be between 72O and 108'. 
Figure 2-2 d e p i c t s  t h e  launch p r o f i l e  

A t  i g n i t i o n ,  t h e  f i v e  F-1 engines o f  the S-IC first 
s t a g e  w i l l  s tar t  t o  genera te  up t o  7,500,000 pounds o f  t h r u s t .  
When t h e  engines have reached s u f f i c i e n t  t h r u s t ,  t h e  hold-down 
arms w i l l  r e l e a s e  and t h e  6,000,000 ound veh ic l e  w i l l  l i f t  o f f .  
Open-loop guidance ( p i t c h  programmer P w i l l  be employed during 
S-IC burn. Approximately 2-1/2 minutes a f t e r  i g n i t i o n  and upon 
p rope l l an t  d e p l e t i o n  (a t  an a l t i t u d e  o f  abou t  35 n a u t i c a l  miles  
and a v e l o c i t y  of 7,770 f p s  r e l a t i v e  t o  t h e  E a r t h ) ,  t h e  engines 
w i l l  cut off and the first s tage  w i l l  s epa ra t e .  
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Upon i g n i t i o n  of t h e  S - I1  second stage, its f i v e  5-2 
engines  w i l l  provide 1,000,000 pounds of t h r u s t .  Guidance in-  
formation f o r  t he  s-I1 burn w i l l  be  d e r i v e d  from t h e  on-board 
guidance system loca ted  i n  t h e  Instrument Un i t .  When the  S - I1  
p rope l l an t  t anks  are empty, about 6 4 2  minutes a f t e r  i g n i t i o n  
and at  an  a l t i t u d e  of 100 n a u t i c a l  miles  and a v e l o c i t y  o f  
21,000 f p s ,  t he  second s t a g e  w i l l  be separa ted  and w i l l  f a l l  
away. 

Next, t he  S-IVB t h i r d  stage w i l l  i g n i t e ,  i t s  s i n g l e  
5-2 engine providing 200,000 pounds of t h r u s t .  The t h i r d  stage 
w i l l  burn par t  of i t s  f u e l  f o r  about 2-3/4 minutes u n t i l  the 
spacec ra f t  and t h e  Sa tu rn  S-IVB stage are i n  a parking o r b i t  
about t h e  Ea r th .  Space veh ic l e  a t t i t u d e  s t a b i l i z a t i o n  dur ing  
t h i s  o r b i t  phase w i l l  be p r o v i d e d  by t h e  S-IVB s t a b i l i z a t i o n  
c o n t r o l  system. 

While t he  veh ic l e  i s  i n  Earth o r b i t ,  t he  spacec ra f t  
and theS-IVB stage w i l l  be checked out  by t h e  a s t r o n a u t s  and, 
t h rou  h te lemet ry ,  by the In tegra ted  Mission Control Center 
( I M C C  7 a t  Houston. The vehic le  w i l l  o r b i t  t h e  E a r t h  a t  100 
n a u t i c a l  miles f o r  no more than three o r b i t s .  I f  a l l  Systems a re  
func t ion ing  properly,  the  S-IVB stage w i l l  be i g n i t e d  aga in  a t  
t he  appropr i a t e  po in t  i n  Ea r th  o r b i t  t o  begin  t h e  journey t o  
t h e  Moon some 237,100 f 15,600 s t a t u t e  miles away. After a 
l i t t l e  over f i v e  minutes o f  S-IVB burn, t h e  spacec ra f t  w i l l  
r e a c h  t h e  requi red  escape v e l o c i t y  of  about 36,800 f p s  f o r  
t h e  t r a n s l u n a r  t r i p .  Grav i t a t iona l  a t t r a c t i o n  of the  Earth 
slows t h e  spacec ra f t  down as i t s  s e p a r a t i o n  increases;  t h u s  
t h e  average v e l o c i t y  of t h e  spacecraf t  f o r  t h e  t r a n s l u n a r  
f l i g h t  w i l l  be about 4,800 f p s  w i th  r e spec t  t o  the  E a r t h .  

After t h e  S-IVB second burn has ended, t r a n s p o s i t i o n i n g  
of t he  LEM w i l l  occur .  T h i s  is  depic ted  i n  F igure  2-3. F i r s t ,  
t h e  forward Adapter w i l l  b e  je t t i soned , .  Next, the CM and t h e  
SM w i l l  separate from the  LEM/S-IVB l eav ing  the  LEM a t tached  t o  
the  S-IVB. Using the r e a c t i o n  c o n t r o l  system aboard the SM, 
the  a s t r o n a u t s  w i l l  t u r n  the CSM around and dock nose-to-nose 
w i t h  the  LEM/S-IVB. F i n a l l y ,  when t h e  s t r u c t u r a l  connection 
has been accomplished, t h e  S-IVB and t h e  remainder of t h e  Adapter 
w i l l  be separated. 

During the  approximately 72 hours  of t r a n s l u n a r  f l i g h t ,  
the  a s t r o n a u t s  w i t h  ground suppor t  w i l l  make any necessary mid- 
course  c o r r e c t i o n s  t o  the f l i g h t  pa th  by f i r i n g  e i t h e r  t h e  main 
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SM propuls ion engine o r  t h e  SM r e a c t i o n  con t ro l  engines .  The 
t r a n s l u n a r  t r a j e c t o r y  i s  expected t o  be of  t h e l f r e e  r e t u r n  type .  
Thus, i f  an emergency should occur p r i o r  t o  r e t r o f i r e  f o r  l una r  
o r b i t  i n s e r t i o n ,  t h e  spacecraf t  w i l l  be capable of r e t u r n i n g  
w i t h i n  t h e  v e r t i c a l  r e e n t r y  cor r idor  w i t h  only t h e  a p p l i c a t i o n  
of propuls ive  impulses f r o m  t h e  SM r e a c t i o n  cont ro l  system. 

A s  t h e  spacecraf t  encounters t h e  l o c a l  g r a v i t a t i o n a l  
a t t r a c E i o n  of t h e  Moon, its v e l o c i t y  w i t h  respec t  to t h e  Moon 
w i l l  i nc rease .  Thus, t o  place t h e  spacecraf t  i n  a luna r  o r b i t ,  
t h e  a s t ronau t s  must execute a r e t r o f i r e  maneuver. T h i s  w i l l  
cons i s t  of o r i e n t i n g  t h e  spacecraf t  and i g n i t i n g  the  22,000 
pound t h r u s t  SM engine t o  s low t h e  spacecraf t  enough t o  p l ace  
i t  i n  a c i r c u l a r  l una r  o r b i t  about 80 n a u t i c a l  miles above t h e  
Moon I s  su r face .  

Two of t h e  as t ronauts  w i l l  then  climb through the 
hatch  from t h e  CSM and e n t e r  the  LEM as shown i n  Figure 2-4. 
They w i l l  proceed t o  perform a complete checkout o f  t h e  LEM 
t o  ensure that a l l  systems will func t ion  proper ly .  The LEM 
w i l l  then  b e  detached from the  CSM and i t s  10,500 pound t h r u s t  
descent  engine w i l l  be ign i ted  t o  provide t h r u s t  f o r  a b o u t  
half a minute.  This  impulse w i l l  p lace  t h e  LEM i n  an e l l i p -  
t i ca l -descen t  t r a n s f e r  o r b i t  w i th  a per i lune*  of 50,000 f e e t  
as shown i n  Figure 2-5. From t h i s  lower a l t i t u d e  the  as t ro-  
nau t s  can v i s u a l l y  observe the  condi t ions  a t  t h e  landing s i t e .  

Several  s i t e s  are unde r  cons idera t ion  f o r  t h e  i n i t i a l  
l u n a r  landing.  It i s  expected t h a t  t h e  prese lec ted  LEM landing 
s i t e  w i l l  be wi th in  a l a t i t u d e  b e l t  extending about 5" on e i t h e r  
side of the  luna r  equator .  The longi tude  r e s t r i c t i o n  w i l l  be 
determined from temperature,  l i g h t i n g ,  and o t h e r  cons idera t ions  
on t h e  near-Earth s i d e  o f  t h e  Moon. 

When t h e  LEM reaches t h e  minimum a l t i t u d e  of its 
approach o r b i t ,  i t  w i l l  be t r a v e l i n g  a t  a speed o f  about 5,600 f p s  
w i t h  r e spec t  t o  t h e  luna r  su r face .  A t  t h i s  time, t h e  landing 
s t a g e  engine w i l l  b e  i gn i t ed  aga in  t o  slow t h e  LEM and cause it 
t o  descend t o  t h e  su r face .  As t h e  LEM s lows  and f a l l s  towards 
t h e  luna r  sur face ,  t h e  engine w i l l  be t h r o t t l e d  down g radua l ly  
u n t i l  the  c r a f t  reaches a hovering ( z e r o  component f o r  t h e  v e r t i c a l  
v e l o c i t y )  p o s i t i o n  about 500 f e e t  above t h e  su r face  ahd f r d m  which 

* 
Per i lune  - t h e  point  i n  an e l l i p t i c a l  o r b i t  about the Moon at  
which an  o r b i t i n g  veh ic l e  i s  c l o s e s t  t o  t h e  Moon. Pe r i se l ene  
and per icynth ion  a r e  a l s o  f requent ly  used. 

D R A F T  - - - - _  
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i t  w i l l  descend t o  t h e  m o s t  acceptable  landing po in t  w i th in  
a 1,000 f o o t  r ad ius .  The c r a f t  w i l l  land a t  a h o r i z o n t a l  
speed o f  l e s s  than t e n  f p s  and a v e r t i c a l  speed o f  l e s s  than 
f i v e  fps .  

During the  touchdown maneuver, t h e  CSM w i l l  always 
be wi th in  l i n e  o f  s i g h t  o f  the LEM. At any po in t  up t o  and 
inc luding  t h e  hover maneuver, t h e  a s t ronau t s  can, i f  neces- 
sa ry ,  ascend and ge t  back t o  a rendezvous w i t h  t he  CSM during 
t h e  f i r s t  o r b i t .  At touchdown, the  CSM w i l l  be near ly  d i r e c t -  
l y  overhead. 

The LEM w i l l  c a r ry  about 215 pounds o f  s c i e n t i f i c  
equipment t o  the  luna r  surface and w i l l  be capable o f  r e tu rn -  
i n g  a t o t a l  o f  80 pounds of equipment and luna r  samples to 
t h e  CSM. While on the  luna r  sur face ,  the two explorers  w i l l  
f i r s t  check out t h e  LEM i n  prepara t ion  f o r  t h e  r e t u r n  f l i g h t .  
After t h a t ,  one of t h e  two as t ronau t s  w i l l  leave the  LEvJ and 
explore  t h e  luna r  su r face  f o r  a per iod o f  up t o  f o u r  hours.  
He w i l l  be capable o f  maintaining voice communication wi th  t h e  
a s t r o n a u t  i n  the  LEM f o r  d i s t ances  up to f i v e  n a u t i c a l  miles .  
Using the  LEM communication system a s  a r e l a y  s t a t i o n ,  he w i l l  
a l s o  be capable of voice commundcation wi th  the Earth and with 
t h e  luna r  o r b i t i n g  CSM. The nominal s tay- t ime on the  lunar  
s u r f a c e  f o r  t he  i n i t i a l  landing w i l l  be 24 hour s .  

Upon completion of t h e i r  l una r  su r face  mission, t he  
two LEM explorers  w i l l  begin t h e  countdown f o r  launch. The 
a scen t  s t age  of t h e  LEM w i l l  s epa ra t e  f rom t h e  descent s t age  
and l i f t  o f f .  The 3,500 pound t h r u s t  ascent  engine w i l l  burn 
f o r  about s i x  minutes u n t i l  t he  c r a f t  reaches o r b i t a l  speed o f  
about 5,600 f p s  a t  t h e  pe r i lune  o f  5O,OOO f e e t .  One o f  t he  
rendezvous t r a j e c t o r i e s  now under study u t i l i z e s  t h e  Hohmann 
t r a n s f e r  e l l i p s e .  I n  t h i s  t r a j e c t o r y ,  the LEM would proceed 
towards rendezvous on a coplanar path,  t h a t  i s ,  a t  one poin t ,  
tangent  to t h e  luna r  o r b i t  o f  the  CSM. 

During powered f l i g h t  and the  coas t  phase t h a t  f o l -  
lows,  r ada r s  aboard the  CSM and the  LIM w i l l  t r a c k  each o t h e r .  
Ordinar i ly ,  t he  LEM engine w i l l  make any course co r rec t ions  
needed t o  assure  the  rendezvous, but i f  an emergency occurs,  
the  CSM w i l l  e f f e c t  rendezvous. 

Rendezvous i s  expected to occur behind t h e  Moon. 
The LEM guidance system w i l l  b r ing  the  LEM wi th in  a few hun- 
dred f e e t  o f  t he  CSM a t  which po in t  t h e  docking maneuver w i l l  
be completed by t h e  a s t ronau t s .  

D R A F T  - - - - _  
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Once the explorers  have climbed back aboard the  CSM, 
i t  i s  expected that t h e  LEM w i l l  be detached and l e f t  i n  luna r  
o r b i t .  The SM main propulsion engine w i l l  then  be i g n i t e d  f o r  
about 2-1/2 minutes t o  provide the a d d i t i o n a l  v e l o c i t y  of  2,900 f p s  
needed t o  escape t h e  g r a v i t a t i o n a l  a t t r a c t i o n  of  the Moon i n  a 
t r a n s e a r t h  t r a j e c t o r y .  During r e t u r n ,  t h e  SM engines w i l l  be 
employed t o  make mid-course co r rec t ions  as requi red .  

After t h e  f i n a l  f l i g h t  path adjustments have been 
completed t o  a s su re  h i t t i n g  the  v e r t i c a l  r e e n t r y  cor r idor*  
(as determined by skip-out,  heat ing and crew s t r e s s  consid- 
e r a t i o n s ) ,  t h e  SM w i l l  be discarded and t h e  CM w i l l  be or ien ted  
f o r  r e e n t r y .  During reent ry ,  the o f f s e t  cen te r  of g r a v i t y  of  
t h e  CM w i l l  provide a l i f t - t o - d r a g  r a t i o  of approximately 0 .5 .  
Combined w i t h  t h e  r o l l  c a p a b i l i t y  of the CM, t h i s  w i l l  permit 
maneuvering of  the CM through part  of i t s  descent through the  
atmosphere. 

Af te r  the main aerodynamic d e c e l e r a t i o n  has slowed 
the  CM t o  below t h e  speed of sound, three parachutes w i l l  be 
deployed as shown i n  Figure 2-6, and t h e  CM w i l l  f l o a t  g e n t l y  
t o  r e s t  on the E a r t h ' s  sur face .  A water landing s i t e  i s  con- 
sidered most probable .  

* Reentry Corridor - that region o f  t h e  a l t i t u d e - v e l o c i t y  plane 
where continuous f l i g h t  i s  p o s s i b l e  because t h e  dynamic pres- 
su re  i s  great enough t o  support l i f t i n g  f l i g h t ,  and ye t  t h e  
hea t ing  ra tes  a r e  low enough t o  allow s u f f i c i e n t  su r f ace  
cool ing.  The nominal opera t iona l  r e e n t r y  co r r ido r  f o r  t h e  
manned CM w i l l  be 40 miles .  
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COMMAND MODULE (NORTH AMERICAN) 

SERVICE MODULE (NORTH AMERICAN) 

LUNAR ~XCURSION MODULE (GRUMMAN) 

INSTRUMENT UNIT (MSFC) 

3RD STAGE - S-IVB (DOUGLAS) 
1/J-2 ENGINE (ROCKETDYNE) 
200,000 LBS THRUST 

2ND STAGE - S-II (NORTH AMERICAN) 
5/J -2 ENGINES (ROCKETDYNE) 
1,00,000 LBS THRUST 
1,000,000 LBS THRUST 

1ST STAGE .. S-IC (BOEING, MSFC) 
5/F-1 ENGINES (ROCKETDYNE) 
7,500,000 LBS THRUST 

FIGURE 2-1 APOLLO/SATURN V SPACE VEHICLE 
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3.  SA'I'UKN V DESCRIPTION 

The Sa turn  V, shown i n  Figure 2-1, i s  a t h r e e  s t age  
launch veh ic l e  which w i l l  be used to p lace  t h e  Apollo space- 
c r a f t  i n t o  an Ear th  parking o r b i t  and then  i n t o  a t r a n s l u n a r  
t r a j e c t o r y .  The Saturn V c o n s i s t s  o f  t he  S-IC f i r s t  s tage ,  
t h e  S- I1  second s tage ,  t h e  S-IVB t h i r d  s tage ,  and an I n s t r u -  
ment Unit .  Approximate weights, dimensions, and c a p a b i l i t i e s  
o f  t h e  Sa turn  V a re :  

L i f t  o f f  weight 6,000,000 pounds 
Length 281 f e e t  
Diameter 33 f e e t  
Payload i n  low e a r t h  o r b i t  240,000 pounds 
Payload i n t o  a lunar  

90,000 pounds t r a n s f e r  t r a  j ec tory 

Saturn  V F i r s t  Stage (S - IC)  

The f i r s t  s tage  of t h e  Sa tu rn  V launch veh ic l e  w i l l  
be the S-IC, shown i n  Figure 3-1. This  s t a g e  w i l l  p rope l  t h e  
launch veh ic l e  and the  Apollo spacec ra f t  f o r  approximately 
the  f i r s t  two and one-half minutes o f  t he  f l i g h t .  Nominal 
dimensions, approximate weights and t h e  t h r u s t  of t he  S-IC 
a r e  : 

D i  ame t e r  33 f e e t  
Length 138 f e e t  
D r y  weight 3OO,OOO pounds 
Fueled weight 4,600,000 pounds 
Thrust 7,500,000 pounds 

Propulsion for t h i s  s t a g e  i s  a c l u s t e r  o f  f i v e  
F-1 l i q u i d  rocket  engines which develop a nominal sea l e v e l  
t h r u s t  of l,5OO,OOO pounds each. The p rope l l an t s  f o r  t h e  
F-1 engines a r e  l i q u i d  oxygen and RP-1 ,  a kerosene f u e l .  
These p r o p e l l a n t s  a r e  pumped by a d i r e c t  d r i v e  c e n t r i f u g a l  
pump, d r iven  by a gas generator ,  i n t o  t h e  combustion cham- 
be r  a t  high pressure .  Vehicle c o n t r o l  and s t a b i l i t y  a r e  
obtained by d i r e c t i n g  the  t h r u s t  of t h e  f o u r  out-board en- 
g ines  i n  response to s i g n a l s  f r o m  the  con t ro l  system which 
i s  housed i n  t h e  Instrument Unit .  

P rope l l an t s  f o r  the F-1 engines a r e  contained i n  
two con ta ine r s  connected by an i n t e r t a n k  sec t ion .  The li- 
quid oxygen tank i s  posi t ioned above the  f u e l  tank. The 
con ta ine r s  a r e  c y l i n d r i c a l  with e l l i p s o i d a l  bulkheads and 
a r e  supported by frames and long i tud ina l  s t i f f e n e r s .  The 
S-IC i s  designed to provide a s t r u c t u r e  which w i l l  be  s e l f -  
supporting, without depending upon p r e s s u r i z a t i o n  of i t s  
p rope l l an t  conta iners .  Four f i n s  a r e  loca ted  out-board on 
t h e  s t r u c t u r e  of t he  s t age  near t h e  engines to provide added 
aerodynamic s t a b i l i t y  . 

- _ -  D R A F ' X  
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Termination of t h e  S-IC s t age  burning occurs  upon 
dep le t ion  of t he  p rope l l an t  supply i n  e i t h e r  of t he  propel -  
l a n t  tanks.  Separa t ion  i s  assured by f i r i n g  s o l i d  p rope l l an t  
r e t ro - rocke t  motors loca ted  i n  t h e  engine sk i r t s  of the  S - I C  
s t age .  

Sa tu rn  V Second Stage (S-11) 

The S-I1 s tage ,  shown i n  F igure  3-2, i s  designed 
t o  propel  t he  vehic le  and spacecraf t  from an , ,a l t ibude  o f  
200,000 f e e t  to approximately 600,000 f e e t .  Nominal d a t a  
on t h i s  s t age  a r e  presented  i n  the t a b l e  below: 

Diameter 
Length 
D r y  weight 
Fueled weight 
Thrust  

33 f e e t  
81 fee t  

80,000 pounds 
1,015,000 pounds 
1,000,000 pounds 

S-I1 propuls ion  i s  provided by a c l u s t e r  o f  f i v e  
J-2 l i q u i d  rocke t  engines,  each of which develops a nominal 
vacuum t h r u s t  of 200,000 pounds. The l i q u i d  oxygen and 
l i q u i d  hydrogen p rope l l an t s  used  i n  t h e  J-2 a r e  pumped from 
the tanks  i n t o  t h e  combustion chamber by gas genera tor -  
d r iven  pumps, These p rope l l an t s  a r e  contained i n  two t anks  
wi th  e l l i p s o d i a l  bulkheads. Liquid hydrogen, which has a 
d e n s i t y  o f  about 1/16 t h a t  of l i q u i d  oxygen, i s  loca ted  i n  
a tank forward o f  t he  l i q u i d  oxygen tank.  The;s tage  i s  
designed to provide a s t r u c t u r e  which w i l l  be se l f - suppor t -  
i n g  without p r e s s u r i z a t i o n  o f  t he  p rope l l an t  tanks .  Vehicle  
c o n t r o l  and s t a b i l i t y  a r e  obtained by d i r e c t i n g  t h e  t h r u s t  
o f  t h e  f o u r  out-board engines i n  response to s i g n a l s  from 
t h e  c o n t r o l  system loca ted  i n  the  Instrument Unit .  

Termination of  t h e  S- I1  s t age  burning occurs  
upon dep le t ion  o f  t h e  p rope l l an t  supply i n  e i t h e r  of t he  
p r o p e l l a n t  tanks .  A p rope l l an t  u t i l i z a t i o n  system i s  
provided t o  minimize t h e  amount of r e s i d u a l  p rope l l an t  

Four s o l i d  p rope l l an t  rocke t  motors a r e  used i n  
the S- I1  s t age  to provide acce le ra t ion  to s e t t l e  t h e  pro- 
p e l l a n t s  t o  t h e  bottom of the tanks  a f t e r  s epa ra t ion  of 
t h e  S-IC and p r i o r  to second s t a g e  i g n i t i o n .  

Separa t ion  of the S - I 1  i s  assured by f o u r  s o l i d  
p r o p e l l a n t  rocke t  motors loca ted  i n  the  i n t e r s t a g e  s t r u c t u r e  
forward of t he  l i q u i d  hydrogen tank  t o  provide r e t r o  t h r u s t .  

D R A F T  - - - - -  
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Sa tu rn  V T h i r d  Stage (S-IVBl 

The S-IVB s tage ,  shown i n  Figure 3-3, i s  designed 
t o  i n s e r t  t h e  spacec ra f t  i n t o  an Ear th  parking o r b i t  and t o  
i n j e c t  t h e  spacec ra f t  i n t o  a t r a n s l u n a r  t r a j e c t o r y .  Some 
nominal da t a  on the  S-IVB s tage  a r e  l i s t e d  below: 

D i  ame t e r 
Length 
Dry Weight 
Fueled weight 
T h r u s t  

22 f e e t  
59 f e e t  

22,000 pounds 
258,000 pounds 
ZOO, 000 pounds 

Propulsion i s  supplied by a s i n g l e  5-2  engine 
developing a nominal vacuum t h r u s t  of 200,000 pounds. A s  
i n  t h e  second s tage ,  t h i s  5 - 2  burns l i q u i d  oxygen and li- 
quid hydrogen supplied f r o m  the p rope l l an t  tanks by gas 
gene ra to r  dr ivan  pumps. Vehicle p i t c h  and yaw c z n t r o l  a r e  
achieved by gimbaling &he engine. Control s i g n a l s  a r e  de -  
veloped i n  t h e  guidance and cont ro l  system i n  t h e  I n s t r u -  
ment Unit .  

An a u x i l i a r y  propuls ion system, shown i n  Figure 
3-4, i s  loca ted  a t  two poin ts ,  180" a p a r t ,  on t h e  a f t  end 
of t h e  main s t age  s t r u c t u r e .  Three engines f o r  a t t i t u d e  
and roll con t ro l ,  and two engines for prope l l an t  s e t t l i n g  
a r e  located a t  each p o s i t i o n .  Propel lan t  tanks f o r  t h i s  
system a r e  equipped w i t h  p o s i t i v e  expuls ion devices .  Pro- 
p e l l a n t s  f o r  t h i s  system a r e  50% unsymmetrical dimethylr 
hydrazine (UDMH) and 50% hydrazine (NpH4) (by  weight) and 
n i t rogen  t e t r o x i d e  (N2O4). 
s t o r a b l e  and hypergol ic .  The s i x  a t t i t u d e  c o n t r o l  engines 
have a t h r u s t  o f  150 pounds each. Two of  t he  f o u r  u l l a g e  
engines have a t h r u s t  o f  150 pounds and a r e  used during t h e  
LH2 vent ing cyc le .  The o the r  two u l l a g e  engines have a 
t h r u s t  o f  1,750 pounds and a re  used p r i o r  to J - 2  i g n i t i o n .  

This  combination i s  e a r t h  

The main propel lan t  tanks a r e  designed t o  provide 
a s t r u c t u r e  which i s  se l f - suppor t ing  w i t h o u t  depending upon 
p r e s s u r i z a t i o n  o f  the tanks.  The p rope l l an t  conta iners  a r e  
pos i t ioned  wi th  the  l i q u i d  hydrogen tank forward o f  t h e  
l i q u i d  oxygen and a r e  separated by a common bulkhead. 

Sa tu rn  V Instrument Unit 

Forward o f  t h e  S-IVB p rope l l an t  tanks i s  a module 
which i s  c y l i n d r i c a l  i n  shape and i s  i d e n t i f i e d  a s  t h e  In-  
strument Unit .  I t  i s  t h r e e  f e e t  i n  length  and 22 f e e t  i n  0 diameter.  



The Instrument Unit houses t h e  guidance system, 
te lemeter ing  equipment, power supply b a t t e r i e s ,  i n v e r t e r s ,  
and cool ing equipment. 

The powered f l i g h t  o f  t he  Sa turn  V w i l l  be d i -  
r ec t ed  by t h e  launch veh ic l e  systems. The i n i t i a l  phase 
of t h e  f l i g h t ,  t h a t  powered by t h e  S-IC s tage ,  w i l l  be 
flown "open loop" i n  the guidance sense; t h a t  i s ,  the 
s t e e r i n g  commands a r e  given i n  accordance with a pre-de- 
termined program. The following phases,  those powered by 
t h e  S-I1 and S-IVB s tages ,  w i l l  be flown wi th  s t e e r i n g  
commands der ived f rom measurements and computations by 
t h e  launch veh ic l e  guidance system. Guidance during the  
second S-IVB burn w i l l  normally be provided by the  launch 
v e h i c l e  guidance system, although t h e  spacec ra f t  system i n  
t h e  Command Module w i l l  a l s o  have t h e  c a p a b i l i t y  t o  provide 
guidance commands durzng t h i s  S-IVB burn. Cutoff of b o t h  
the S-IC and S-I1 s t ages  w i l l  be commanded by sensors  i n d i -  
c a t i n g  p rope l l an t  dep le t ion .  C u t o f f  of t he  S-IVB w i l l  be 
commanded by t h e  guidance system when i t  determines t h a t  
t h e  proper  condi t ions  f o r  the des i r ed  o r b i t  and l a t e r  f o r  
t h e  des i red  t r a n s l u n a r  t r a j e c t o r y  have been obtained.  

The guidance and con t ro l  system i n  t h e  launch 
v e h i c l e  i s  an a l l - i n e r t i a l  system which uses a d i g i t a l  
computer for t h e  guidance computations and analog c i r c u i t s  
for the con t ro l  func t ions .  Accelerat ion measurements f o r  
the guidance and a t t i t u d e  measurements f o r  the c o n t r o l  sys- 
t e m  a r e  obtained f rom the  s t a b i l i z e d  platform subsystem. 
T h i s  s t a b i l i z e d  platform uses f o u r  gimbals and has  t h r e e  
accelerometers  and three gyroscopes. 

The environment i n  some compartments of t h e  
Instrument Unit w i l l  be temperature con t ro l l ed  during pre-  
f l i g h t  opera t ions  by a ground environmental  c o n t r o l  system. 
During f l i g h t ,  a l i q u i d  n i t rogen  coo le r  assembly w i l l  pro- 
v ide  cool ing f o r  c i r c u l a t e d  a i r .  
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FIGURE 3-4 S-IVB AUXILIARY PROPULSION SYSTEM 
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4 .  APOLLO SPACECRAFT DESCRIPTION 

The Apollo spacecraf t  des ign  w i l l  u t i l i z e  sepa ra t e  u n i t s  
t o  f u l f i l l  s p e c i f i c  mission requirements.  These u n i t s  are t h e  
Command Module, t h e  Service Module, t h e  Lunar Excursion Module, 
t h e  Launch Escape System, and t h e  Adapter. 

weigh approximately 96,600 pounds a t  l i f t o f f .  
The spacecraf t  w i l l  be  about 80 f e e t  i n  l eng th  and w i l l  

Command Module ( C M )  

The Apollo Spacecraft  Command Module w i l l  se rve  as t h e  
spacec ra f t  command cen te r  where c rew- in i t ia ted  con t ro l  func t ions  
w i l l  be performed. The l i v i n g  q u a r t e r s  f o r  t h r e e  men, necessary 
f l i g h t  equipment, and a l i v a b l e  environment w i l l  be  contained 
wi th in  t h e  CM. A i d s  necessary t o  a s su re  recovery of t h e  crew 
af ter  t h e  Earth landing will a l s o  be provided i n  t h e  CM. Some 
of t h e  supporting systems w i l l  be contained i n  t h e  Serv ice  Module 
ra ther  than  t h e  CM and w i l l  be j e t t i s o n e d  be fo re  r een t ry ;  i n  t h i s  
manner, t h e  r e e n t r y  weight of t h e  CM i s  minimized. 

The shape of t h e  CM i s  shown i n  Figure 4-1. Nominal 

Height 13 f e e t  
Diameter 13 f e e t  
Dry weight 9,500 pounds 

dimensions of t h e  module a r e :  

A l i f t - t o - d r a g  ra t io  of up t o  0.5 w i l l  be provided by 
an  o f f s e t  cen ter  of g r a v i t y .  T h i s  l i f t  vec to r  w i l l  provide con- 
trol o f  t h e  r e e n t r y  f l i g h t  path when t h e  roll con t ro l  system i s  
used t o  con t ro l  t h e  d i r e c t i o n  of t h e  vec to r .  

The i n t e r n a l  volume provided f o r  t h e  three-man crew 
w i l l  be approximately 300 cubic f e e t .  

Propulsion i s  provided i n  t h e  CM only f o r  a t t i t u d e  and 
roll con t ro l  during r een t ry ,  a f t e r  t h e  Service Module has been 
j e t t i s o n e d .  T h i s  propuls ion i s  provided by twelve engines which 
are pressure  fed from p o s i t i v e  expuls ion tanks  sup ly ing  mono- 
methylhydrazine (MMH) and n i t rogen  t e t r o x i d e  (N2O4 P . These pro- 
p e l l a n t s  a r e  e a r t h  s t o r a b l e  and hypergol ic .  Ablation-cooled 
t h r u s t  chambers a r e  used w i t h  a r e f r a c t o r y  metal  t h r o a t  i n s e r t  
t o  provide a f ixed  t h r o a t  diameter throughout t h e  f i r i n g  t ime.  

An a b l a t i v e  type of r e e n t r y  heat  s h i e l d  w i l l  be used 
on the  CM. T h i s  hea t  sh ie ld  i s  constructed o f  a b l a t i v e  ma te r i a l  
supported by a s t e e l  honeycomb subs t ruc tu re .  
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The main Apollo spacecraf t  guidance and naviga t ion  
equipment w i l l  be loca ted  i n  t h e  CM. The guidance and naviga- 
t i o n  subsystem w i l l  be used t o  determine t h e  pos i t i on ,  v e l o c i t y ,  
and t r a j e c t o r y  o f  t h e  spacec ra f t .  T h i s  system i s  comprised o f  
t h r e e  major subsystems: t he  i n e r t i a l  measurement u n i t  ( I M U )  , 
t h e  Apollo guidance computer (AGC) ,  and t h e  o p t i c a l  subsystem. 
I n  a d d i t i o n  t o  providing guidance and naviga t ion  f rom t r a n s l u n a r  
i n j e c t i o n  u n t i l  Earth landing, t h e  system a l s o  monitors t h e  
launch veh ic l e  guidance system during Ea r th  launch and Earth 
o r b i t .  

Sensing elements of t h e  system provide naviga t ion  in-  
formation t o  t he  d a t a  processing elements which then  provide t h e  
information and cont ro l  s igna l s  t o  perform any s t a b i l i z a t i o n  and 
con t ro l  func t ions  requi red .  The sensing elements include t h e  
radar, scanning te lescope ,  sex tan t ,  and t h e  IMU. 

Operation of t h e  IMU as the  primary i n e r t i a l  sensing 
device  i s  based on a c c e l e r a t i o n  and o r i e n t a t i o n  measurements 
obtained from accelerometers  and gyroscopes.  The I M U  w i l l  use 
a three-gimbal i n e r t i a l  p l a t f o r m  which w i l l  be s t a b i l i z e d  by 
t h r e e  gyroscopes.  Three orthogonally-mounted accelerometers  w i l l  
be c a r r i e d  on t h e  p l a t fo rm.  

The Apol lo  Guidance Computer i s  t h e  data processing 
c e n t e r  o f  t h e  guidance and navigat ion system. It i s  a genera l  
purpose computer which keeps t ime, s t o r e s  t h e  re ference  t r a j e c -  
t o r i e s  and o t h e r  data, rece ives  information f rom t h e  acce le r -  
ometers i n  t h e  IMU, r ece ives  angular-measurement data f rom t h e  
scanning t e l e scope  and sex tan t ,  r ece ives  manual i npu t s  and 
commands f rom t h e  a s t ronau t ,  and r ece ives  angular  information 
from t h e  I M U .  Using t h i s  information, t h e  AGC computes p o s i t i o n  
and v e l o c i t y  and generates  eo-mands which go t o  t h e  s t a b i l i z a t i o n  
and con t ro l  system, and which can be presented on t h e  d i s p l a y  panel .  

An o p t i c a l  subsystem i s  incorporated i n  t h e  guidance and 
naviga t ion  system which, under t h e  con t ro l  of an a s t ronau t ,  w i l l  
be used t o  determine t h e  p o s i t i o n  and. a t t i t u d e  of t h e  spacecraf t  
and t o  a l i g n  t h e  I M U .  A scanning te lescope  w i l l  be used f o r  o r b i t  
de te rmina t ion  and a s  a f i n d e r  f o r  t h e  s e x t a n t .  The scanning 
t e l e scope  w i l l  be a s ing le - l ine -o f - s igh t  instrument incorpora t ing  
low-magnification wide-f ie ld  o p t i c a l  f e a t u r e s .  A space sex tan t  
w i l l  be used during t h e  t r ans luna r  and t r a n s e a r t h  phases o f  t h e  
mission.  The sex tan t  w i l l  be a dua l - l ine-of -s ight  instrument 
incorpora t ing  high-magnification narrow-field o p t i c s  and w i l l  be 
used f o r  d i r e c t  measurements o f  the  angle  between t h e  l i n e  o f  
sight t o  a star and a landmark or another  s t a r .  The t runnion  
and shaft angle  o f  t h e  sextant  and t h e  scanning te lescope  a r e  
t r ansmi t t ed  t o  the  AGC and are displayed d i g i t a l l y  a t  t h e  AGC.  

I 
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Throughout the mission, t h e  systems on board the  
h i c l e  w i l l  w r k  cooperat ively w i t h  Earth-based t rack-  
computation f a c i l i t i e s .  These f a c i l i t i e s  w i l l  have 

continuous information on the veh ic l e  p o s i t i o n  and v e l o c i t y  
which w i l l  be furnished t h e  space veh ic l e  i n  var ious  phases 
of t h e  mission as: requi red .  

L i f e  support  systems provided f o r  t he  crew w i l l  be 
o f  t h e  non-regenerative type and w i l l  supply approximately 
42 man days o f  opera t ion .  

The Environmental Control System (ECS) supp l i e s  
oxygen to t h e  pressure  s u i t s  and to the CM cabin.  It con- 
trols t he  gas pressure  to a nominal 5 p s i a ,  t h e  temperature 
to 70-75'F, and t h e  r e l a t i v e  humidity to 40-70$. I n  addi- 
t i o n  to i t s  supply and cont ro l  func t ion  t h e  ECS removes 
deb r i s ,  C02 and odors f r o m  the oxygen. The ECS c o n t r o l s  
t h e  water supply system by co l l ec t ing ,  s t o r i n g  and d i s t r i -  
bu t ing  potab le  water f rom the f u e l  c e l l s  loca ted  i n  t h e  SM 
and waste water not  po tab le  f rom t h e  s u i t  c i r c u i t .  A water- 
g lyco l  system, which i s  p a r t  o f  t h e  ECS, provides  cool ing f o r  
t h e  s u i t  c i r c u i t ,  CM atmosphere, e l e c t r o n i c  equipment and the  
po tab le  water.  The ECS w i l l  be capable of  makhtaining cabin 
p re s su re  a t  a s a f e  l e v e l  long enough f o r  the  a s t ronau t s  to 
don t h e i r  space s u i t s  should a small  l eak  develop. 

The ECS equipment i s  loca ted  i n  t h e  CM and i n  the  
SM. Four space r a d i a t o r s  f o r  e j e c t i o n  of hea t  f rom the  
water-glycol  c i r c u i t  a r e  located i n  the  SM.. The c o n t r o l s  
and r e g u l a t o r s  along w i t h  ac t iva t ed  charcoal  and l i t h i u m  
hydroxide, a r e  pos i t ioned  i n  t h e  opera t ing  c i r c u i t s  i n  the  
CM to remove o d o r s  and C02 f r o m  the  atmosphere. The main 
oxygen supply i s  loca ted  i n  t h e  SM but a small  quan t i ty  o f  
oxygen i s  loca ted  i n  t h e  CM f o r  crew supply during r een t ry .  

A one day supply o f  po tab le  water w i l l  be c a r r i e d  
aboard t h e  CM a s  emergency supply.  Normally, water f o r  
use  during t h e  mission w i l l  come f r o m  t h e  f u e l  c e l l s  located 
i n  the  SM. Food w i l l  be s tored  aboard the  CM i n  the  f r e e z e  
d r i ed  condi t ion  to reduce weight and to e l imina te  the  need 
f o r  r e f r i g e r a t i o n .  The food i s  r e c o n s t i t u t e d  by adding a 
measured quan t i ty  o f  water to t h e  food packets .  

Personal hygiene needs w i l l  be provided f o r  i n  t h e  
CM. Bat te ry  operated razors  f o r  shaving, chemically t r e a t e d  
c l o t h s  f o r  washing and toothbrushes with i n g e s t i b l e  d e n t i -  
f r i c e s  f o r  c leans ing  t e e t h  and gums w i l l  be suppl ied.  Body 
wastes w i l l  be c o l l e c t e d  and s t o r e d .  Biomedical equipment 
w i l l  be included i n  the  suppl ies .  0 
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E l e c t r i c a l  power f o r  ope ra t ion  o f  t h e  CSM systems 
w i l l  be produced by t h r e e  f u e l  c e l l  modules located i n  t h e  
SM. An a u x i l i a r y  power system o f  t h r e e  z i n c - s i l v e r  oxide 
b a t t e r i e s  w i l l  be located i n  the  CM. Two o f  t h e s e  b a t t e r i e s  
w i l l  provide power requirements during the  r e e n t r y  and r e -  
covery f l i g h t  phases.  The t h i r d  b a t t e r y  w i l l  supply essen- 
t i a l  loads during t h e  post-landing phase.  

An Earth Landing System (ELS) i s  incorporated i n  
t h e  CM f o r  landing on e i the r  land or water.  T h i s  system 
c o n s i s t s  of a forward bea t  sh ie ld  sepa ra t ion  mechanism, a 
parachute  subsystem, a sequencer and recovery a i d s .  The 
forward hea t  s h i e l d  separa t ion  mechanism i s  gas  genera tor  
operated and serves  t o  e j e c t  t h e  sh i e ld ing  a t  the  apex of 
t h e  CM s t r u c t u r e  which covers t he  parachute  system th rough  
r een t ry .  ELS parachutes  operate  i n  a sequence of t h ree  
s t e p s .  F i r s t ,  t h e  two drogue chutes ,  which a r e  a F i s t  r i b -  
bon type 13.7 f e e t  i n  diameter,  a r e  mortar  deployed a t  
25,000 f e e t  p l u s  one second, Next, t h e  t h r e e  p i l o t  chutes ,  
which a r e  10 f e e t  i n  diameter r i n g  slot types,  a r e  mortar 
deployed a t  15,000 f e e t .  The t h r e e  main chutes ,  of a r i n g  
s a i l  type,  a r e  88.1 f e e t  i n  diameter and a r e  deployed by t h e  
p i l o t  chutes .  Velocity o f  the CM a t  impact s h o u l d  not ex- 
ceed 30 f e e t  p e r  second. 

Bombs, sea  markers, a f l a s h i n g  l i g h t  beacon, and 
r ad io  devices,  a r e  provided a s  recovery a i d s .  I n  a d d i t i o n  
t o  these ,  a s u r v i v a l  k i t  for each man w i l l  be included which 
conta ins  a l i f e  r a f t ,  water,  d e - s a l t i n g  k i t ,  kn i f e ,  f l a r e s ,  
s i g n a l  m i r r o r ,  s u r v i v a l  g lasses ,  t r a n s c e i v e r ,  f i r s t  a i d  k i t ,  
and glucose.  

Serv ice  Module (SM) 

The Serv ice  Module, Figure 4-2, conta ins  t h e  
Serv ice  Propuls ion System plus  se l ec t ed  equipment and s t o r e s  
which s e r v i c e  the equipment and crew o f  t he  CM.  The SM i s  
unmanned and does not  r equ i r e  crew access  during f l i g h t ,  I t  
remains w i t h  t he  CM throughout t h e  f l i g h t  u n t i l  i t  i s  sepa- 
r a t e d  p r i o r  to r een t ry .  Nominal dimensions and approximate 
weights o f  the  SM a r e :  

Length 
Diameter 13 f e e t  
Weight dry 8,000 pounds 
Weight loaded 50,000 pound s 

14 f e e t (  excluding nozzle ex tens ion)  
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Main propuls ion of t h e  SM i s  provided by a s i n g l e  
gimbaled engine with a nominal t h r u s t  o f  21,900 pounds. It 
i s  a b l a t i v e  cooled. 
N2H4 and N2O4. They a r e  pressure  f e d  to the  combustion cham- 
be r .  The SM r e a c t i o n  con t ro l  system w i l l  be used to supply 
t h e  accg3erat ion necessary to f o r c e  p r o p e l l a n t s  to t he  bottom 
of the tanks f o r  i g n i t i o n  of  t h e  main engine.  A p rope l l an t  
u t i l i z a t i o n  system i s  included which w i l l  be con t ro l l ed  by 
t h e  crew members. The t h r u s t  chamber w i l l  be capable o f  gim- 
ba l ing  f o r  t h r u s t  vec tor  con t ro l  i n  t h e  p i t c h  and yaw planes.  

Propel lan ts  used a r e  50% UDMH - 50% 

Propulsion f o r  t h e  RCS i s  provided by s i x t e e n  low 
t h r u s t  engines which a r e  r a d i a t i o n  cooled. Propel lan ts  a r e  
suppl ied by two s e t s  o f  tankage and each s e t  w i l l  supply 
e i g h t  t h r u s t  chambers. Pos i t i ve  expuls ion devices  a r e  used 
to assu re  l i q u i d  f l o w  i n  t h e  f r e e  f a l l  condi t ion.  The same 
p r o p e l l a n t  combination i s  used i n  t h e  RCS and i n  t h e  main 
propuls ion  system. 

Guidance commands for t h e  SM a r e  developed by the  
guidance equipment loca ted  i n  t h e  CM. 

E l e c t r i c a l  power f o r  opera t ion  of SM and CM sys- 
tems w i l l  be provided by a f u e l  c e l l  system, loca ted  i n  the  
SM, which c o n s i s t s  o f  t h r e e  independent f u e l  c e l l  modules. 
Two o f  t h e  modules  w i l l  b e  capable o f  supplying the  normal 
power demand and one o f  t h e  modules can be used to supply 
e s s e n t i a l  power loads i n  an emergency. These c e l l s  use 
hydrogen and oxygen and a r e  nonregenerative.  Each module 
w i l l  be composed o f  an assembly of  s i n g l e  c e l l s  e l e c t r i c a l l y  
connected i n  s e r i e s .  Nominal c e l l  opera t ing  p res su re  and 
temperature w i l l  be approximately 60 p s i a  and 273'C to 260'c 
r e s p e c t i v e l y .  Aqueous potassium hydroxide w i l l  be u t i l i z e d  
a s  t h e  e l e c t r o l y t e .  The f u e l  c e l l s  w i l l  supply 28k3 v o l t  
d . c .  power to opera te  the  spacecraf t  d . c .  system and t o  t h e  
t h r e e  400-cycle i n v e r t e r s  t o  supply 119/200 v o l t ,  3 phase, 
a . c .  power. 

Lunar Excursion Module (LEM) 

The LEM w i l l  be used t o  ca r ry  two members o f  t h e  
crew and a s c i e n t i f i c  payload f rom t h e  CSM i n  luna r  o r b i t  
to t h e  luna r  su r face  and t h e  a s t ronau t s  wi th  p a r t  o f  t he  
s c i e n t i f i c  equipment and lunar  samples back t o  t h e  CSM. 
The LEM w i l l  a l s o  serve  a s  a base f o r  crew exp lo ra t ion  o f  
t h e  Moon. Systems necessary to complete the  luna r  descent ,  
touchdown, launch, randezvous and docking w i t h  the CM, i n -  
dependent o f  t he  CM or Earth-based information, w i l l  be 
contained i n  the  LEN. After  t r a n s f e r  of t he  crew and sc ien-  
t i f i c  payload to t he  CM, t he  LEM w i l l  be l e f t  i n  l una r  o r b i t  
and not re turned to Earth.  

D R A F T  
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During launch from Ear th  and t h e  i n j e c t i o n  maneuver, 
t h e  LEN w i l l  f i t  w i th in  the  f r e e  volume of t he  Adapter and 
Instrument Unit . 

Three propuls ion  systems a r e  used i n  the  LEN. A 
descent  system provides  the  propuls ion required to leave 
luna r  o r b i t  and perform a cont ro l led  descent t o  lunar  touch- 
down. The descent  s t a g e  contains  an engine wi th  a nominal 
t h r u s t  l e v e l  of lO,TOO pounds which i s  t h r o t t a b l e  down to 
1,050 pounds o f  t h r u s t .  A l l  propuls ion systems i n  the  LEM 
use 50% UDMH - 50% N2H4 and N 2 O 4  for prope l l an t s .  An ab la-  
t i v e  chamber design i s  used  i n  t h e  descent engine.  An 
ascent  engine wi th  a nominal t h r u s t  of 3,500 pounds w i l l  be 
used which w i l l  a l s o  have an a b l a t i v e  chamber. 
p ropuls ion  system of s ix t een  t h r u s t  chambers on t h e  LEM 
ascent  s t age  w i l l  be  u s e d  f o r  b o t h  t h e  descent and ascent  
conf igura t ions .  These engines a r e  i d e n t i c a l  to t he  ones 
used on t h e  Serv ice  Module. 

An a u x i l i a r y  

A guidance and navigat ion system w i l l  be used i n  
t h e  LEN which w i l l  permit i t  to opera t e  independently o f  t he  
CM and Earth-based s t a t i o n s .  T h i s  system w i l l  be s i m i l a r  to 
t h e  one t o  be used i n  t h e  CM and w i l l  use  interchangeable  
components wherever poss ib l e .  Two major d i s t i n c t i o n s  may be 
noted: The LEM w i l l  not have a sex tan t  b u t  w i l l  r e l y  on a 
scanning te lescope  and t h e  computer i n  the  LEM w i l l  be smal le r  
than  the  one used i n  the  CM. The guidance equipment located 
i n  t h e  LET4 w i l l  normally be u s e d  only during t h e  time the  
LEM i s  occupied by the  crew to descend and r e t u r n  f rom t h e  
l u n a r  sur face .  

A l i f e  support  system, s i m i l a r  'bo t h a t  i n  the  CM, 
w i l l  be used i n  the  LEN. The system w i l l  be capable of  main- 
t a i n i n g  a 3.5 p s i a  atmosphere for 2 minutes shou ld  a s i n g l e  
h o l e  o f  0.5 inch diameter or l ess  be experienced. 

E l e c t r i c a l  power w i l l  be  provided by hydrogen- 
oxygen f u e l  c e l l s .  

Potable  water f o r  t he  LEN crew w i l l  be t r a n s f e r r e d  
from t he  CM p r i o r  to separa t ion .  Food and f i r s t  a id  s u p p l i e s  
w i l l  a l s o  be provided i n  the  LEN, 

Tota l  loaded weight of t h e  LEN, w i t h o u t  t he  crew, 
w i l l  be approximately 27,000 pounds. 

The LEM w i l l  be capable o f  approximately 45 h o u r s '  
ope ra t ion  on t h e  near-Earth s i d e  of t h e  lunar  sur face  during 
any phase o f  t he  lunar  day-night cyc le .  

P 
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The LEN s t r u c t u r e  w i l l  be equipped with f o u r  landing 
l e g s  to absorb landing shock when the  LEM contac ts  t h e  luna r  
su r face .  A t  t h e  time of impact on t h e  lunar  su r face  v e l o c i t y  
of t h e  LEN should  not exceed 10 f e e t  p e r  second v e r t i c a l l y  and 
5 f e e t  p e r  second hor i zon ta l ly .  The LEM w i l l  be capable of 
landing on a su r face  w i t h  a mean s lope  of up t o  15". Lunar 
l i f t - o f f  w i l l  be poss ib l e  with the  descent s tage ,  which i s  
l e f t  on t h e  surface t i l t e d  up to 30". 

Launch Escape System (LESr 

The LES provides the  propuls ion necessary to move 
the CM away f rom t h e  launch vehic le  shou ld  t h e r e  be a need to 
abor t  the f l i g h t  during ea r ly  s t ages .  J e t t i s o n i n g  of t h e  LES 
w i l l  occur soon a f t e r  second s t age  i g n i t i o n .  

Propulsion i n  the  LES i s  provided by t h r e e  s o l i d  
p r o p e l l a n t  rocket  m o t o r s .  A 155,000 pound t h r u s t  m o t o r  pro- 
v ides  the main escape propulsion. During the  per iod the  main 
escape motor i s  p u l l i n g  the  CM up from the launch veh ic l e  an t  
o t h e r  s o l i d  moto r  burns to p i t c h  t h e  module over and thereby 
provide ho r i zon ta l  range. After t h e  escape m o t o r s  have burned 
or when t h e  LES i s  j e t t i s o n e d  a f t e r  second s t age  i g n i t i o n ,  a 
j e t t i s o n  motor opera tes  t o  remove t h e  LES from t h e  CM. 

The weight o f  t h e  LES i s  approximately 6,600 pounds. 
The length  is  approximately 29 f e e t .  

Spacecraf t  Adapter 

The primary purposes of t h e  Adapter w i l l  be to mate 
t h e  spacecraf t  to the launch vehic le ,  to provide an aero- 
dynamic s h i e l d  over t he  LEM, and t o  support  t he  LEM f r o m  launch 
through t r anspos i t i on ing .  The t o p  h a l f  o f  t h e  Adapter w i l l  be 
j e t t i s o n e d  p r i o r  to t ranspos i t ion ing .  The lower ha l f  w i l l  be 
separated f rom t h e  LEM when the S-IVI3/ IU i s  separated from t h e  
spacec ra f t .  

The Adapter w i l l  be shaped l i k e  a t runcated cone 
approximately 28 f e e t  i n  height .  Approximate weight o f  t he  
Adapter w i l l  be 3,250 pounds. 





I 
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5. APOLLO SPACE SUIT ASSEMBLY 

Space s u i t s  w i l l  be provided t o  each crew member. The 
des ign  o f  t h e  s u i t  w i l l  permit i t s  use i n  b o t h  t h e  LEM and the 
CM and on t h e  luna r  su r face .  The space s u i t  w i l l  be  o f  anthro-  
pomorphic design and w i l l  permit donning, without a s s i s t a n c e ,  i n  
f i v e  minutes.  

Normal des ign  pressure f o r  t h e  s u i t  i s  3.5 p s i a .  A 
100% oxygen atmosphere w i l l  be used t o  match that  of t h e  Apollo 
s p a c e c r a f t .  The space s u i t  w i l l  cons i s t  of t h r e e  garments, w i t h  
two of t h e s e  garments constructed w i t h  mu l t ip l e  l a y e r s .  

An inner  garment w i l l  be worn by the  a s t ronau t s  as 
t h e i r  constant wear c lo th ing .  T h i s  garment w i l l  con ta in  t h e  
biomedical sensors  which w i l l  be  used t o  monitor body func t ions .  
The pressure  s u i t  i s  worn over t h e  constant  wear garment and i t  
w i l l  provide,  bes ides  the primary pressure  s u i t ,  a gaseous 
oxygen v e n t i l a t i o n  system and a secondary pressure  s u i t  which 
w i l l  i n f l a t e  au tomat ica l ly  i f  t h e  primary layer i s  punctured. 
T h i s  p ressure  s u i t  i s  designed t o  g ive  t h e  wearer as much 
mob i l i t y  as poss ib l e .  A separa te  garment for wear o v e r  t h e  
p re s su re  s u i t  w i l l  be  used f o r  a d d i t i o n a l  thermal i n s u l a t i o n  
while  t h e  as t ronaut  i s  on t h e  luna r  su r face .  

The pressure  gloves and t h e  helmet w i l l  be a t tached  
t o  t h e  s u i t  by means of adapter r i n g s .  The helmet w i l l  have 
a c lose  f i t t i n g  l i n e r ,  w i t h  ad j u s t a b l e  suspension pads around 
t h e  i n t e r i o r ,  and an ou te r  pressure s h e l l .  Included i n  t h e  
helmet w i l l  be t h e  earphones and microphone o f  t h e  communica- 
t i o n s  system, and some components of t h e  biomedical monitoring 
system. 

A s p e c i a l  l una r  overshoe w i l l  be used t o  provide 
thermal i n s u l a t i o n  from t h e  lunar  su r face  which w i l l  a l s o  have 
a d j u s t a b l e  f o o t  pads that can be var ied i n  l eng th  and w i d t h  t o  
func t ion  s i m i l a r  t o  a snowshoe if t h e  luna r  su r face  i s  s o f t  and 
porous.  

Portable  l i f e  support w i l l  be supplied f o r  use during 
ex t ra -vehicu lar  opera t ion .  These back packs w i l l  a l l o w  up t o  
fou r  haurs o f  continuous separa t ion  f r o m  t h e  LEM f o r  each LEM 
crewman. Provis ions w i l l  be made t o  permit t h e  back pack t o  be 
recharged. 

The major components of t h e  back pack u n i t s  w i l l  be an 
oxygen tank, a contaminant cont ro l  cann i s t e r  cons i s t ing  o f  a 
l i t h i u m  hydroxide element and an  a c t i v a t e d  charcoal element, a 
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b a t t e r y  operated fan,  a b a t t e r y  operated e igh t  channel comuni-  
c a t i o n  u n i t ,  a rechargeable  s i l v e r  z inc  b a t t e r y  supplying 28 
v o l t  power, a water separa tor ,  a water b o i l e r ,  and gas  f l o w  
r e g u l a t o r s ,  A s epa ra t e  emergency oxygen supply f o r  use  w i t h  
t h e  space s u i t s  w i l l  also be provided. 
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6.  ASSEMBLY AND LAUNCH FACILITIES 

The Apollo Saturn V w i l l  be assembled and launched 
a t  t h e  Mer r i t t  I s land  Launch Area (MILA) adjacent  t o  Cape 
Kennedy. The p repa ra t ion  and launch f a c i l i t i e s ,  which en- 
compass Launch Complex 39 and t h e  i n d u s t r i a l  f a c i l i t i e s  o f  
Mer r i t t  I s l and ,  a r e  being designed and constructed i n  accord- 
ance w i t h  a mobile concept of opera t ion .  T h i s  concept 
embodies t h e  

1) 

3 )  

following b a s i c  opera t ions :  

Erect ion,  checkout and mating o f  t h e  space 
veh ic l e  t o  a mobile Launcher-Umbilical Tower 

LUT wi th in  a V e r t i c a l  Assembly Building 
[VABI . 
Transfer  of t h e  assembled and checked-out 
LUT/space vehicle  by means of a crawler- 
t r a n s p o r t e r  t o  t h e  launch pad, 

F ina l  se rv ic ing  of t h e  space veh ic l e  a t  t h e  
launch pad and t h e  arming of ordnance i tems 
from a mobile arming tower.  

Figure 6-1 d e p i c t s  t h e  sequence of opera t ions  t h a t  
w i l l  be followed at  MILA using t h e  following major f a c i l i t i e s .  

V e r t i c a l  Assembly Building (VAB) 

The 524 f t .  t a l l  VAB w i l l  be t h e  t a l l e s t  bu i ld ing  
south  of  t h e  Washington monument; its enclosed volume exceeding 
t h a t  of t h e  Pentagon. It w i l l  provide a p r o t e c t i v e  and, where 
requi red ,  cont ro l led  environment f o r  t h e  f i n a l  assembly and 
p repa ra t ion  of launch vehic le  s t a g e s  and f o r  t h e  v e r t i c a l  
assembly and i n i t i a l  o v e r a l l  checkout of t he  space veh ic l e .  

The low bay a r e a  of t h e  VAB w i l l  contain eight s t a g e  
c e l l s  equipped f o r  p repara t ion  and checkout of t h e  S- I1  and 
S-IVB s t ages  p r i o r  t o  mating t o  t h e  S-IC i n  t h e  high bay a r e a .  

I n i t i a l l y ,  t h e  high bay a r e a  o f  t h e  VAB w i l l  conta in  
fou r  bays f o r  checkout of  S-IC s t a g e s  and f o r  t h e  assembly and 
checkout of Apollo Saturn V veh ic l e s .  Assembly and checkout 
of t h e  space veh ic l e  w i l l  take p lace  on a mobile Launcher-Umbilical 
Tower (LUT) w i th in  t h e  VAB s o  that  umbi l ica l  connections which 
are made a t  t h e  t ime o f  assembly w i l l  remain i n  p lace  u n t i l  f i n a l  
disconnect a t  launch,  
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The VAB, designed f o r  a 20-year ope ra t iona l  l i f e ,  w i l l  
be capable of withstanding winds up t o  125 miles  per  hour.  It 
w i l l  be s i t u a t e d  approximately 3 miles  f rom t h e  nea res t  launch 
pad i n  order  t o  provide pro tec t  ion  aga ins t  hazardous condi t ions  
e x i s t i n g  on t h e  launch pad. 

Launch Control Center (LCC 1 
Located adjacent  t o  t h e  VAB, t h e  LCC w i l l  provide d i s -  

play,  monitoring, and cont ro l  equipment used f o r  checkout of t h e  
space veh ic l e  i n  t h e  VAB and on t h e  launch pad .  Commencing w i t h  
i n i t i a l  space veh ic l e  prepara t ion  i n  t h e  high bay a rea  o f  t h e  
VAB, t h e  L C C  w i l l  be capable o f  providing c e n t r a l  con t ro l  and 
coord ina t ion  o f  a l l  launch area a c t i v i t i e s  involved i n  t h e  pre-  
launch, launch and i n - f l i g h t  mission support  of t h e  space v e h i c l e ,  

The fou r - s to ry  LCC will have four f i r i n g  r m m s ,  oiie 
f o r  each high bay of t h e  VAB. Each f i r i n g  room w i l l  conta in  
an i d e n t i c a l  s e t  of  con t ro l  and monitoring equipment so  t h a t  
launch o f  one veh ic l e  and checkout of o t h e r s  may t ake  p lace  
s imultaneously.  There w i l l  a l s o  be  a computer room f o r  each 
f i r i n g  room, providing computer equipment t o  be used i n  t h e  
automatic checkout and launch systems. 

Launcher-Umb il i c a l  Tower (LUT ) 

The LUT, upon which t h e  space veh ic l e  i s  assembled 
and t ranspor ted  w i l l  provide t h e  base f o r  a c t u a l  launch of t h e  
space veh ic l e .  I t s  launch platform i s  a two-story s t e e l  s t r u c -  
t u r e ,  25 f e e t  high, 160 f e e t  long, and 135 f e e t  wide, The 
umbi l i ca l  tower extends 380 f e e t  above t h e  deck. 

The LUT w i l l  provide a CM access  arm through which t h e  
a s t r o n a u t s  w i l l  board t h e  space vehic le ,  e igh t  umbil ical  s e r v i c e  
arms, t h r e e  t a i l  s e r v i c e  masts, and f o u r  support  hold-down arms. 
The arms and masts c a r r y  e l e c t r i c a l ,  pneumatic and propel lan t  
l i n e s  t o  t h e  space veh ic l e  and w i l l  a l s o  provide a means f o r  
personnel  access  t o  t h e  i n t e r s t a g e  a reas  of t h e  veh ic l e .  A 
d i g i t a l  computer aboard t h e  LUT w i l l  be used i n  conjunction 
wi th  t h e  LCC equipment f o r  automated checkout and countdown 
of t h e  launch v e h i c l e .  

Crawler-Transporter 

The c rawler - t ranspor te r  w i l l  be used t o  t r a n s f e r  t h e  
LUT and unfueled space vehic le  between t h e  VAB and t h e  launch 
pad, and t o  t r a n s f e r  the arming tower between i t s  r egu la r  parked 
p o s i t i o n  and t h e  launch pad as shown i n  Figure 6-2. 0 
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The 5,500,000 pound c rawle r - t r anspor t e r  w i l l  be capable 
of moving t h e  LUT/space vehicle  (12,000,000 pound maximum) a t  a 
speed of one mph on l e v e l  grade a n d m e h a l f  mph on the  f i v e  per-  
cen t  grade to t h e  launch pad, I t  w i l l  have a mean turn ing  
r ad ius  o f  500 f t .  and w i l l  be capable o f  maintaining t h e  LUT 
platform l e v e l  w i th in  t e n  minutes o f  a r c .  

Arming Tower 

By means o f  annular work platforms,  t h e  arming tower 
provides  access  to t he  space veh ic l e  on t h e  launch pad f o r  
t he  arming o f  ordnance items and f o r  f i n a l  s e rv i c ing  o f  t h e  
veh ic l e .  It  i s  moved to t h e  launch pad and posi t ioned by t h e  
c rawle r - t r anspor t e r .  The 7,500,000 pound arming tower i s  
130 f t .  square a t  i t s  base and r i s e s  391 f t .  above i t s  base 
platform.  It remains i n  p o s i t i o n  a t  t h e  launch pad u n t i l  
about T-7 hours before  being t ranspor ted  back to i t s  launch- 
parked a rea  s i t u a t e d  approximately 8,000 f e e t  f r o m  t h e  nea res t  
launch pad. 

Launch Pad Area 

Two launch pads a re  p re sen t ly  planned f o r  construc-  
t i o n  a t  Launch Complex 39. A pad sepa ra t ion  d i s t ance  o f  
8,730 f e e t  w i l l  a l low operat ions on these  pads t o  be indepen- 
dent  o f  each o t h e r .  However, i t  w i l l  be necessary to c l e a r  
t h e  ad jacent  pads o f  personnel during a c t u a l  launch. 

The launch pad a reas  a r e  designed to provide f i n a l  
s e rv i c ing ,  such a s  propel lan t  loading o f  t h e  space vehic le ,  
p r i o r  to launch. The propel lan t  s to rage  f a c i l i t i e s  a t  each 
launch pad w i l l  include an 890,000 g a l l o n  tank f o r  l i q u i d  
oxygen loca ted  some 1,450 f e e t  f rom each launch pad. RP-1, 
t he  S-IC s t age  f u e l ,  i s  stored i n  t h r e e  87,000 ga l lon  tanks 
loca ted  on the  oppos i te  s ide  o f  t h e  launch pad f r o m  the l i q u i d  
oxygen tanks.  Holding ponds, capable o f  holding t h e  e n t i r e  
f u e l  conten ts  of t h e  S-IC, w i l l  be used t o  t r a p  any RP-1 
s p i l l e d  f rom t h e  vehic le .  The R P - 1  w i l l  be held i n  t h e  ponds 
and skimmed f o r  d i sposa l .  A 650,000 g a l l o n  l i q u i d  hydrogen 
tank i s  loca ted  i n  the  same genera l  a rea  a s  t he  RP-1 tanks.  
Pressure of 75 PSIG i s  maintained i n  t h e  vacuum-jacketed tank 
during f u e l i n g  opera t ions  to accomplish t r a n s f e r  o f  t he  l i q u i d  
hydrogen to t h e  S-I1 and S-IVB s t ages .  A burn pond w i l l  p r o -  
v ide  s a f e  d i sposa l  o f  hydrogen b o i l o f f  f r o m  the  s to rage  tank 
and veh ic l e  by burning i t  i n  t h e  atmosphere a f t e r  i t  has 
bubbled through water.  Gaseous n i t rogen  and helium a r e  s tored  
underground i n  ves se l s  near  the  launch pad. 0 
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Operations and Checkout F a c i l i t i e s  (0  & C )  

Included i n  t h e  spacecraf t  t e s t i n g  performed a t  t h e  
MILA I n d u s t r i a l  Area w i l l  be a sequence of s t a t i c  f i r i n g  t e s t s ,  
t h e  only ones conducted on the completed modules a f t e r  t h e i r  
manufacture.  Systems t e s t s  o f  the spacecraf t  w i l l  be conducted 
i n  the  0 & C Building p r i o r  t o  d e l i v e r y  of t h e  spacec ra f t  a s  
a combined u n i t  t o  t h e  VAB f o r  mating t o  t h e  launch veh ic l e .  

Central  Instrumentat ion F a c i l i t y  (CIF) 

Instrumentat  ion  equipment and support ing a c t i v i t i e s  
which can be c e n t r a l l y  located t o  serve Complex 39 as we l l  as 
e x i s t i n g  NASA complexes a t  Cape Kennedy w i l l  be located a t  t h e  
CIF i n  t h e  MILA I n d u s t r i a l  Area. During p r e - f l i g h t  tes ts ,  t h e  
CIF w i l l  be used t o  check space veh ic l e  t ransmission f o r  
adherence t o  prescr ibed RF to le rances  i n  order  t o  in su re  
c m p a t i b i l i t y  between t h e  vehic le  and t h e  xanned space flight 
network. During launch and Ea r th  o r b i t ,  i t  i s  a n t i c i p a t e d  t h a t  
the  CIF w i l l  f unc t ion  as a near-ear th  s i t e  o f  t h e  manned space 
f l i g h t  network. It w i l l  have t h e  c a p a b i l i t y  f o r  r e a l  t ime data 
r educ t ion  and a n a l y s i s  of t racking ,  te lemet ry  and t e l e v i s i o n  
d a t a  f o r  p re sen ta t ion  t o  t h e  LCC and t o  t h e  I M C C .  

Countdown 

Fueling of the vehic le  w l l l  c o i m m c e  with loading of' 
the  RP-1 f u e l  (approximately 235,000 g a l l o n s )  aboard the  S-IC 
on L-1  day. Propel lant  loading o f  t h e  Apollo spacecraf t  and 
loading o f  t h e  S-IVB r e a c t i o n  con t ro l  system hypergol ics  w i l l  
t a k e  p lace  p r i o r  t o  T - 7  hours on launch d a y .  

A t  T-7  hours,  t h e  arming tower w i l l  be removed f rom 
t h e  launch pad and loading of cryogenic p r o p e l l a n t s  w i l l  commence 
Liquid oxygen loading of t h e  launch veh ic l e  i s  f i rs t  and w i l l  
be performed f rom t o p  s t age  t o  bo t tom s t age  t o  minimize t h e  
e f f e c t s  of b o i l o f f .  The propel lan t  tanks w i l l  be pre-cooled 
before  f i l l i n g .  Liquid oxygen w i l l  be pumped a t  a f l o w  ra te  
o f  1,000 gpm i n t o  the  S-IVB. Loading w i l l  r e q u i r e  32 minutes,  
inc luding  1 2  minutes f o r  pre-cool .  The f low r a t e  i n t o  t h e  S-I1 
w i l l  be 5,000 gpm and f i l l - u p  t i m e  w i l l  be 25 minutes, including 
6 minutes pre-cool .  The f low r a t e  i n t o  t h e  S-IC w i l l  be 10,000 
gpm and w i l l  r e q u i r e  40 minutes including 11 minutes pre-cool 

Liquid hydrogen loading w i l l  be i n i t i a t e d  next and 
w i l l  r e q u i r e  30 minutes including 10 minutes pre-cool t o  load 
72,860 ga l lons  aboard t h e  S-IVB tank a t  a f l o w  r a t e  o f  3,000 gpm 
The S - I1  tank  w i l l  r e q u i r e  35 minutes,  including 10 minutes 
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pre-cool ,  t o  load 263,000 ga l lons  at  a f low r a t e  of  10,000 gpm. 
The launch pad f a c i l i t i e s  w i l l  be capable o f  maintaining the  
v e h i c l e  i n  a standby condi t ion f o r  up t o  12 hours af ter  cryogenic 
load ing .  

loaded, the  a s t r o n a u t s  w i l l  e n t e r  t h e  spacec ra f t  from t h e  umbil- 
i c a l  tower. During the remainder of the  countdown, t h e  f i n a l  
systems checks w i l l  be conducted. 

A t  approximately T-4 hours a f te r  the  p r o p e l l a n t s  are 

During t h r u s t  bui ld-up o f  t h e  S-IC engines,  t h e  
o p e r a t i o n  of each of these engines w i l l  b e  au tomat i ca l ly  
checked. Upon confirmation o f  t h r u s t  ok condi t ion ,  the launch 
commit s i g n a l  w i l l  be given t o  t h e  holddown arms and l i f t - o f f  
w i l l  occur .  The poin t  of no r e t u r n  f o r  t he  space v e h i c l e  i s  
release of the holddown arms. 
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I n t e g r a t e d  Mission Control Center ( I M C C )  

Primary command and dec i s ion  making r e s p o n s i b i l i t y  
f o r  each mission w i l l  res t  wi th  the In t eg ra t ed  Mission Control 
Center ( I M C C )  a t  Houston. I M C C  func t ions  w i l l  include f u l l  
mission c o n t r o l  and t echn ica l  management i n  the a reas  o f  ve- 
h i c l e  systems, veh ic l e  dynamics, l i f e  systems, f l i g h t  crew 
a c t i v i t i e s ,  recovery support ,  and I M C C  and network operat ion.  
Detai led mission c o n t r o l  w i l l  t ake  p l ace  w i t h i n  a Mission 
Operations Control Room (MOCR) - two o f  which a r e  planned. 
A group o f  s t a f f  s u p p o r t  rooms adjacent  to the  MOCR w i l l  p ro -  
v ide  d e t a i l e d  support  to t h e  MOCR i n  var ious s p e c i a l t y  a reas .  

To exe rc i se  i t s  command func t ion ,  I M C C  must  be 
suppl ied wi th  a l l  da ta  p e r t i n e n t  t o  the  mission. These da ta  
w i l l  inc lude  s t a t u s  information on the  launch vehic le ,  space- 
c r a f t ,  a s t ronau t s ,  computing and communication f a c i l i t i e s ,  
recovery fo rces ,  weather p red ic t ions  and s o l a r  f l a r e  predic-  
t i o n s .  The c r i t i c a l  element i n  o b t a i n i n  t h i s  information 
i s  t h e  Manned Space F l i g h t  Network (MSFN 7 . 

Under s p e c i a l  condi t ions,  t h e  I M C C  command respon- 
s i b i l i t y  may be delegated t o  the  a s t ronau t s  i n  t h e  spacecraf t  
or t o  some o t h e r  earth-based s i t e .  For example, t h e  Launch 
Control  Center, which conducts t h e  countdown of t he  launch 
veh ic l e ,  t h e  spacec ra f t  and the a s t ronau t s ,  w i l l  have command 
f a c i l i t i e s  t o  o rde r  an immediate abor t ,  i f  necessary,  during 
t h e  launch per iod.  Also,  during the  mission, i f  communica- 
t i o n s  between the  Earth and spacecraf t  a r e  d is rupted  or i f  
an emergency r equ i r ing  immediate a c t i o n  occurs,  t h e  command 
f u n c t i o n  w i l l  be assumed by the crew commander. 

Communication and Tracking Systems 

Communication and t racking  o f  t h e  spaceclrdft w i l l  
be provided by a net;Cork o f  s t a t i o n s  s i t u a t e d  around the  
Earth.  I n  d iscuss ing  communications and t racking ,  i t  i s  
convenient t o  d i s t i n g u i s h  between s t a t i o n s  which a r e  p r i -  
mar i ly  intended f o r  t racking  and communication when t h e  
spacec ra f t  i s  c l o s e  t o  t h e  Earth (below about 10,000 mi l e s )  
and those which would be used a t  g r e a t e r  d i s t a n c e s  including 
opera t ions  i n  the  v i c i n i t y  of t h e  Moon. 

Communication and t racking  for deep space w i l l  be 
provided by equipment operat ing i n  S-band. The s p e c i f i c  
bands t o  be used (2100-2110 up and 2270-2290 megacycles down) 
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a r e  adjacent  to t h a t  used by the Deep Space Instrumentat;-on 
F a c i l i t y  (DSIF) implemented f o r  t h e  unmanned space programs. 
The Manned Space F l i g h t  Network (MSFN) deep space s t a t i o n s  
a r e  now planned t o  be i n s t a l l e d  a t  Goldstone, Ca l i fo rn ia ;  
Canberra, Aus t ra l ia ;  and Madrid, Spain.  DSIF s t a t i o n s  l o -  
cated a t  t hese  same s i t e s  w i l l  be equipped to serve  a s  on- 
l i n e  back-up f o r  t.he MSFN s t a t i o n s .  The geographical cov- 
erage provided by these  three  loca t ions  i s  shown i n  Figure 7-1. 
The MSFN deep space s t a t i o n s  w i l l  employ 95 f t .  d i s h  antennas.  

The deep space system w i l l  u t i l i z e  a s i n g l e  RF 
c a r r i e r  i n  the  S-band to t r a c k  and communicate w i t h  t h e  space- 
c r a f t .  The required func t ions  w i l l  be performed by phase 
modulating the  c a r r i e r  w i th  t h e  sub -ca r r i e r s  assoc ia ted  wi th  
each func t ion  simultaneously.  T h i s  i s  o f t e n  r e f e r r e d  to a s  
a u n i f i e d  S-band system". Separate  main c a r r i e r s  w i l l  be 
used f o r  the CSM and f o r  t he  LEN. Tracking w i l l  provide an 
accu ra t e  determinat ion of range, using a continuous pseudo- 
random noise  code, and o f  range r a t e ,  using information 
der ived f rom doppler measurements. This information w i l l  
be combined wi th  knowledge of  t h e  dynamics o f  t h e  f l i g h t  to 
determine t h e  spacecraf t  t r a j e c t o r y  i n  t h e  deep space phases 
of t h e  mission. 

11 

Communication func t ions  f o r  t he  deep space opera- 
t i o n s  w i l l  include d i g i t a l  data  t ransmission to and te lemetry 
from t h e  spacecraf t ,  and two-way voice communication between 
t h e  spacec ra f t  and ground s t a t i o n s .  Similar  communication 
w i l l  be provided between t h e  LEN and t h e  ground when the  
former i s  separated from t k e  CSM. I n  addi t ion ,  t h e  CSM and 
the LEM w i l l  be capable o f  t r ansmi t t i ng  t e l e v i s i o n  s i g n a l s  
to t h e  Earth using an FM mode o f  modulation. 

Severa l  a l t e r n a t i v e s  a r e  under cons idera t ion  f o r  
communication and t r ack ing  when t h e  spacecraf t  i s  below 
10,000 mi les .  One a l t e r n a t i v e  would u s e  t he  techniques 
being implemented f o r  t he  Gemini program. T h i s  inc ludes  
r a d a r  t r ack ing  a t  C-band (5400 to 5900 megacycles), d i g i t a l  
t ransmiss ion  f r o m  ground to spacec ra f t  a t  UHF (400 to 450 
megacycles),  and two-way voice and telemetry a t  VHF (220 to 
300 megacycles).  Th i s  p l an  would make extensive u s e  o f  the 
e x i s t i n g  f a c i l i t i e s  w i t h  some modi f ica t ion  o f  equipment to 
extend opera t ing  ranges.  

Another a l t e r n a t i v e  would use t h e  un i f i ed  S-band 
technique f o r  near-ear th  a s  well a s  deep space communication. 
T h i s  would provide some saving inyspacecraf t  weight a t  t h e  
expense o f  r equ i r ing  more e x t e n ~ i v e  add i t ions  to t h e  e x i s t i n g  
MSFN. 
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The use of S-band f o r  near -ear th  opera t ion  w i l l  not 
e l imina te  requirements for VHF voice equipment aboard t h e  
spacec ra f t .  VHF i s  needed for e f f i c i e n t  use o f  rad io  power 
for non-direct ive communication between t h e  LEN, CSM, and 
a s t ronau t s  explor ing on t h e  lunar  su r face ,  The CM w i l l  a l s o  
c a r r y  HF r ad io  equipment for two-way voice communication 
a f t e r  t h e  Ear th  landing. 

Geographical coverage for near -ear th  communication 
should provide: 

1) 
space veh ic l e  from launch l i f t - o f f  to about t h r e e  
minutes a f t e r  t he  end of t h e  f i r s t  burn of t h e  

2 )  Tracking and communication wi th  the  space 
veh ic l e  f o r  a p e r i o d  of a t  l e a s t  t h r e e  minutes, 
a t  l e a s t  twice p e r  n r b i t  while the spacec ra f t  
and S-IVB a r e  i n  Earth parking o r b i t ;  

3) 
c r a f t  and telemetry r ecep t ion  from the s-IVB 
during the  second burn o f  t h e  S-IVB; 

4)  Tracking and communication wi th  t h e  space 
veh ic l e  for a p e r i o d  of about t e n  minutes before  
t r anspos i t i on ing  of t h e  CSM/LEM. 

Continuous t racking  and communication w i t h  t h e  

s-IVB; 

Voice and telemetry r ecep t ion  from the space- 

S t a t i o n  loca t ions  meeting requirements (1), ( 2 ) ,  
and ( 4 )  a r e  shown i n  Figure 7-2. 
l a b e l l e d  ' ' i n s e r t i o n  ship",  i n  the A t l a n t i c  Ocean. To avoid 
l i m i t i n g  t h e  mission oppor tuni t ies  to c e r t a i n  times o f  t h e  
month, i t  i s  d e s i r a b l e  t o  have a d d i t i o n a l  ships, shown l o -  
ca ted  i n  t h e  Ind ian  Ocean i n  Figure 7-2, to t r a c k  and com- 
municate wi th  the space vehic le  during the  t r a n s l u n a r  i n -  
j e c t i o n  phase o f  the  mission. It i s  expected t h a t  the  
exact  l o c a t i o n  of these  
to provide the best coverage for s p e c i f i c  missions.  

These inc lude  a sh ip ,  

l l  i n j e c t i o n  sh ips"  would be ad jus ted  

The use of a i r c r a f t  i s  being considered f o r  t h e  
r ecep t ion  and recording of te lemetry and voice f r o m  the 
spacec ra f t  during the second burn o f  the  S-IVB. These a i r -  
c r a f t  would be equipped to record te lemetry and voice s ig -  
n a l s  for l a t e r  a n a l y s i s .  T h i s  da ta  would probably not be 
s e n t  to the I M C C  i n  r e a l  time. 

During r e e n t r y  t h e  spacec ra f t  w i l l  be tracked by 
r a d a r  to determine t h e  landing p o i n t .  It  i s  a n t i c i p a t e d  t h a t  
t h i s  t r ack ing  w i l l  begin a s  soon a s  poss ib l e  a f t e r  t he  i n i -  
t i a l  "black-out" r e s u l t i n g  from i o n i z a t i o n  produced by the 
r e -en te r ing  vehic le .  Two reent ry  t r ack ing  sh ips  a r e  needed 
to cover a r e e n t r y  which, a t  var ious t imes of the  month, may 
occur  a t  planned a reas  i n  the nor thern  or southern hemisphere. 
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8. FLIGHT TEST PROGRAM 

P r i o r  t o  t h e  manned l u n a r  landing f l i g h t ,  a launch 
veh ic l e  and spacec ra f t  f l i g h t  t e s t  program w i l l  be under- 
taken  t o  demonstrate hardware, eva lua te  crew and equipment 
performance i n  the space environment, and provide t r a i n i n g  
f o r  t he  a s t ronau t s  and ground personnel .  

I n  general ,  t he  f l i g h t  t e s t  program f o r  t he  space- 
c r a f t  has been developed t o  be c o n s i s t e n t  with t h e  a v a i l a -  
b i l i t y  o f  launch veh ic l e s  capable o f  car ry ing  t h e  requi red  
payloads.  

Early f l i g h t  t e s t s  t o  eva lua te  t h e  performance o f  
t h e  Launch Escape System a r e  t o  be made a t  White Sands Miss i l e  
Range u t i l i z i n g  t h e  L i t t l e  Joe I1 launch vehic le .  The pay- 
load f o r  t hese  f l i g h t s  w i l l  c o n s i s t  of t h e  Launch Escape 
System and a b o i l e r p l a t e  vers ion of t h e  Command Module. 

Three Sa turn  c l a s s  veh ic l e s  a r e  used i n  t h e  pro- 
gram. The f i r s t  o f  these,  t he  Sa tu rn  I, i s  a two-stage 
v e h i c l e  capable o f  p lac ing  approximately 22,000 pounds i n  
low Earth o r b i t .  Five successfu l  f l i g h t s  o f  t h e  f i r s t  s t a g e  
have been completed, t h e  l a s t  o f  which, occurr ing on Jan .  29, 
1964, c a r r i e d  an a c t i v e  second s t age  f o r  the f i r s t  time and 
o r b i t e d  the  w o r l d ' s  heavies t  s a t e l l i t e  t o  da t e .  The f o l l o w -  
i n g  f i v e  f l i g h t s  i n  t h i s  s e r i e s  w i l l  be devoted t o  launch 
veh ic l e  R&D tes ts ,  spa-cecraft  s t r u c t u r a l  tes ts ,  2nd micro-  
meteoroid experiments.  

Following t h e  Saturn I launch veh ic l e  f l i g h t s ,  
t e s t s  w i l l  begin using the  Saturn I B  vehic le .  This launch 
v e h i c l e  has t h e  c a p a b i l i t y  f o r  p l ac ing  approximately 32,000 
pounds i n  low Earth o r b i t .  The f i r s t  s t age  i s  the  same a s  
t h a t  used i n  the  Sa turn  I program. The second s t age  (S-IVB) 
o f  the Sa turn  I B  w i l l  be used e s s e n t i a l l y  w i t h o u t  modi f ica t ion  
a s  t h e  t h i r d  s t a g e  o f  t h e  Saturn V veh ic l e .  I n s o f a r  a s  poss i -  
b l e ,  t h e  complete Apollo lunar  o r b i t  conf igura t ion  - CM, SM, 
and LEM - w i l l  be flown beginning wi th  the  i n i t i a l  Sa turn  I B  

veh ic l e  s t ages  and spacecraf t  modules w i l l  be tested when 
p o s s i b l e  i n  t h e i r  f i n a l  conf igura t ion  (except  f o r  p rope l l an t  
of f - loading)  on each Sa turn  I B  f l i g h t ,  thereby providing f o r  
t h e  e a r l y  r ecogn i t ion  and s o l u t i o n  o f  unforeseen problems. 

When s u f f i c i e n t  Saturn I B  f l i g h t s  have been com- 
p l e t e d  t o  demonstrate t h a t  crew s a f e t y  ob jec t ives  can be 
met, manned f l i g h t  w i l l  begin. While spacec ra f t  f u e l  w i l l  
be l imi ted ,  these manned f l i g h t s  w i l l  provide valuable  t r a i n -  
i n g  f o r  the a s t ronau t s  and ground personnel and an eva lua t ion  
o f  those systems which a r e  c r i t i c a l  t o  the  luna r  landing pro- 
gram. 

D R A F T  

f l i g h t .  I n  t h i s  1 1  a l l -up"  approach t o  f l i g h t  t e s t i n g ,  launch 
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I n  t h e  Sa turn  V program, launch veh ic l e  and space- 
c r a f t  t e s t s  w i l l  aga in  begin simultaneously.  Major objec- 
t i v e s  of t h e  f l i g h t  t e s t  s e r i e s  inc lude  R&D tes ts  o f  the  
th ree - s t age  Sa tu rn  V launch vehic le  and t e s t s  of t h e  space- 
c r a f t  with full propuls ion and during high-speed r e e n t r y  
i n t o  the  atmosphere. This s e r i e s  culminates,  o f  course,  
with t h e  l u n a r  mission. 

- - - - -  D R A F T  
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9. RELATION OF APOLLO TO OTHER MANNED A N D  
TO THE UNMANNED PROJECTS 

The Manned Spacecraf t  Program 

The u l t ima te  ob jec t ive  of t h e  development of manned 
spacec ra f t  systems i s  t o  provide t h e  c a p a b i l i t y  f o r  a broad 
program of manned space explora t ion  which w i l l  achieve and 
maintain a p o s i t i o n  of pre-eminence f o r  the United States ,  
P ro jec t  Apollo i s  a s p e c i f i c  goa l  i n  acqui r ing  t h i s  c a p a b i l i t y ,  
I ts  success w i l l  depend heavi ly  upon t h e  con t r ibu t ions  made by 
P ro jec t  Mercury and Pro jec t  Gemini. 

The f irst  U .  S .  manned spacecraf t  system, Pro jec t  
Mercury, which ended w i t h  the  successfu l  34-hour f l i g h t  of Major 
L.  Gordon Cooper, has provided many f i r s t ' s  i n  man's exp lo ra t ion  
of o u t e r  space.  Some of t h e  accomplishments include: 

1) The design of a spacecraf t  t o  provide a habi table  
environment f o r  man opera t ing  i n  and r e tu rn ing  from 
t h e  extremes of ou te r  space.  

The opera t ion  o f  a world-wide network o f  r a d i o  and 
radar s t a t i o n s  l inked  t o  a con t ro l  cen ter  t o  pro- 
v ide  constant cont ro l  over each mission,  

2)  

3 )  

4 )  

A determinat ion of t he  phys io logica l  e f f e c t s  of 
weight lessness  for per iods  up t o  34 hours.  

A demonstration of man's a b i l i t y  t o  func t ion  as 
an i n t e g r a l  pa r t  o f  a space exp lo ra t ion  veh ic l e  
and t o  enhance t h e  systems r e l i a b i l i t y  by h i s  
observat ions and judgments. 

Pro jec t  Gemini i s  designed t o  br idge  t h e  gap between 
P ro jec t  Mercury and Pro jec t  Apollo. Pro jec t  Gemini w i l l  p lace  
two men i n  Ear th  o r b i t  t o  explore l o n g  d u r a t i o n  f l i g h t  and t o  
develop the  techniques of space rendezvous and docking. Other 
areas of i n v e s t i g a t i o n  f o r  Project  Gemini w i l l  include space- 
c r a f t  maneuvering i n  Earth o r b i t ,  l i f e  support  of  multi-man 
crews, e x t r a  vehicu lar  a c t i v i t y  of man i n  space, maneuvering 
during r een t ry ,  and improved techniques of recovery.  

It i s  a n t i c i p a t e d  that much o f  t h e  Gemini technology 
w i l l  be d i r e c t l y  app l i cab le  t o  Apollo. For example, b o t h  the 
Gemini and Apollo spacecraf t  w i l l  make use of similar automated 
checkout techniques.  Also, the  In t eg ra t ed  Mission Control 
Center at  Houston and almost t h e  same network o f  ground s t a t i o n s  
w i l l  be used for b o t h  Project  Gemini and Pro jec t  Apollo. 0 



The Unmanned Spacecraf t  Program 

It i s  t h e  p o l i c y  of Pro jec t  Apollo that  no manned 
v e h i c l e  shall  attempt landing on t h e  luna r  su r face  u n t i l  c e r t a i n  
information e s s e n t i a l  t o  system des ign  confirmation has been 
obtained by measurement of the  i n - f l i g h t  environment and the  
l u n a r  sur face  environment a t  the  proposed landing s i t e .  
c i f i c  a r e a s  o f  i n t e r e s t  include a determinat ion o f  t h e  roughness 
and bear ing s t r e n g t h  o f  the  lunar  sur face ,  a determinat ion and 
p r e d i c t i o n  of poss ib l e  l e v e l s  of  r a d i a t i o n  t o  be expected from 
s o l a r  f l a r e s ,  and a p red ic t ion  of t h e  mass and v e l o c i t y  d i s t r i -  
bu t ions  of micrometeoroid p a r t i c l e s  and t h e  p r o b a b i l i t y  of t h e i r  
contact  w i th  t h e  space vehic le .  
be der ived f rom t h e  unmanned programs such as Ranger, Surveyor 
and Lunar O r b i t e r  . 

Spe- 

Some o f  t h i s  information may 

Ranger i s  intended t o  r e l a y  t e l e v i s i o n  p i c t u r e s  of  
the  luna r  su r face  p r i o r  t o  impact. 

The Surveyor spacecraf t  i s  being developed t o  accom- 
p l i s h  t h e  f i r s t  soft landings on t h e  Moon. Typical of  t h e  data 
t o  be obtained by Surveyor a re :  high r e s o l u t i o n  t e l e v i s i o n  
p i c t u r e s  of the t e r r a i n  i n  t h e  v i c i n i t y  of t h e  landing s i t e  
and measurements of t h e  lunar  su r face  hardness,  t h e  seismic 
a c t i v i t y  and t h e  chemical and mineralogical  composition of t h e  
Moon, S p e c i f i c a l l y ,  Surveyor w i l l  t e s t  and v e r i f y  i n  combina- 
t i o n  w i t h  t h e  Lunar Orb i t e r  the s u i t a b i l i t y  of a t  l e a s t  one 
landing s i t e  for Apollo landings.  

The Lunar Orb i t e r  i s  designed t o  be launched by an 
Atlas Agena i n t o  c lose  o r b i t  about  the Moon where it  w i l l  serve 
as a l u n a r  reconnaissance system. It w i l l  photograph c a r e f u l l y  
pre-chosen a r e a s  w i t h  a r e s o l u t i o n  approaching one rneker. 
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